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ABSTRACT 


ate, € DORUM within Phyllanthus subsect. Odontadenii reveal different levels of reproductive incompat- 
exe ricus cogi te bat datas distinction. Some of the reproductive barriers may be circumvented 
lins, about i y EDIDI he morphological studies of the progeny of experimental crosses has yielded 
PEINE cence Rene a differentiation of taxa within subsection Odontadenii, as well as within the 
tat A Gs xs aid E eee this study support the recognition of taxa earlier proposed in these 
NEUE tierna cm 10: ment the existence of a tetraploid taxon (Phyllanthus magnificens) with a base 


- -= a L L a 


This work is part of a long-range research pro- 
prm carried out at the Laboratoire de Morpho- 
D iA Our goal has been to utilize taxa 
aay eho genus lending itself to experi- 
pes nin E order to understand the genetic 
nid osetia ved in differentiation of populations 
Vo era the findings of this study, we will 
Cei à synthesis of our results with the 
Mis Ja Dead studies on herbaceous spe- 
rohs yllanthus, including those on Phyllan- 
Ross x. Odontadenii (Tran Ha & Bancilhon- 
& i A Tran Ha et al., 1976; Belliard 
the Phyl sim Brunel & Roux, 1981) and on 
19845. “ore us urinaria complex (Haicour, 1983, 

Two ; Rossignol et al., 1987). 
hen eta of closely related species that 
Maus EC phe distribution, basic chromosome 
morphism morphological characteristics, and poly- 
Pa = hed studied for this article. (1) Phyl- 
tieni ontadenius subsect. Odontadenii orig- 
complex e Afr ica. This study considers it as a 
* aoa. eight species with three basic 
mig he me numbers (x = 6, x = 7, x = 9) but 
(Brunel i ees morphological characteristics 
(2n = 19) XE 1981): P. braunii (Pax) Hutch. 

>i. mieschii Brunel & Roux (2n = 18), 


P. odontadenius Muell. Arg. (2n — 24), P. gag- 
nioevae Brunel & Roux (2n — 28), P. magnificens 
Brunel & Roux (2n = 36), P. bancilhonae Brunel 
& Roux (2n — 56), P. jaegeri Brunel & Roux, and 
P. mannianus Muell. (with unknown karyotypes). 
Phyllanthus braunii has three morphotypes: P. 
braunii (12b, the typical form), P. braunit (121, 
with long branchlets), and P. braunii (12m, with 
brown leaves). Phyllanthus braunii (typical form) 
and its two variants were each crossed with P. 
odontadenius, P. gagnioevae, P. bancilhonae, and 
P. magnificens. (2) The Phyllanthus urinaria com- 
plex originated from eastern Asia. It contains various 
morphotypes but only one basic chromosome num- 
ber has currently been described (x — 25). Recently 
two groups, spiraled (S) and radiated (R), have been 
distinguished within the P. urinaria complex using 
seed ornamentation (Haicour, 1983; Rossignol et 
al., 1987). Each group contains diploid (2n 50) 
and tetraploid taxa (2n = 100). 

Our studies are focused on three areas: (1) the 
sexual incompatibility phenomena seen in experi- 
mental crossings of taxa from West Africa char- 
acterized by different chromosome numbers. (2) A 
cytological study of hybrids obtained from different 
crossings, either in greenhouse conditions or after 
culturing extracted embryos in vitro (differences 
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in fertility of hybrids are noted). Finally, we include 
(3) a preliminary morphological study of the var- 
ious parental groups and of some of the hybrids 
obtained. 


MATERIALS AND METHODS 
PLANT MATERIAL 


Plant material used in this study came from taxa 
of Phyllanthus maintained in greenhouses of the 
Institute of Plant Biology, Faculté des Sciences at 
Orsay. It includes five groups, easily identified by 
morphology and karyotype, which Brunel & Roux 
(1981) delimited as species of subsection Odon- 
tadenii in section Phyllanthus. The taxa included 
are: 

Phyllanthus braunii (Pax) Hutch. 2n = 12. 
Three morphotypes were found in a single popu- 
lation near Abidjan, Cóte d'Ivoire: the typical form 
(12b) and the two variant forms (121 with long 
branchlets, 12m with brown leaves). 

Phyllanthus odontadenius Muell. Arg. 2n — 
24, from Bouaflé, Cóte d'Ivoire. Our material ap- 
peared closest to the typical element of Mueller's 
species, 

Phyllanthus gagnioevae Brunel & Roux 2n — 
28, from a population of seeds collected near Boua- 
ké, Cóte d'Ivoire; most of the seeds from this lo- 
cality were very close to the next species. 

Phyllanthus bancilhonae Brunel & Roux 2n 
= 56, from Bouaké. 

Phyllanthus magnificens Brunel & Roux, col- 
lected by Brunel in Togo and described as a taxon 
with 2n — 36 (Brunel & Roux, 1981); the present 
study describes it as a taxon with 2n — 40. 

We consider that Phyllanthus odontadenius 
may be regarded as the tetraploid form of the 
diploid species P. braunii, with a basic chromosome 
number of 6. Phyllanthus bancilhonae, in like 
manner, may be regarded as the octoploid form of 
the tetraploid P. gagnioevae, with a basic number 
of 7. It should be noted that P. bancilhonae and 
P. gagnioevae were grown from the same popu- 
lation of seeds. 

Except for P. magnificens, the species men- 
tioned above had already been experimentally 
crossed (Tran Ha & Bancilhon-Rossignol, 1976; 
Tran Ha et al., 1976; Belliard & Besse, 1980). 
We extended this work by testing the degree of 
interspecific compatibility in crosses between these 
species and P. magnificens. Different populations 
of P. braunii (3 from Cóte d'Ivoire, 2 from Cam- 
eroon), P. odontadenius (1 from Cóte d'Ivoire, 4 
from Cameroon, 1 from Togo), and P. gagnioevae 
(1 from Côte d'Ivoire, 1 from Togo) were used. 

All these species of Phyllanthus are herbaceous, 


with stems more or less ligneous at the base, and 
pluriannual (annual but sometimes living into one 
or more additional years). The plagiotropic branch- 
lets with lateral ribs (characteristic of subsect. 
Odontadenii) always have staminate inflorescences 
at the proximal nodes, with usually solitary pistillate 
flowers at the distal nodes. The staminate flowers 
have six sepals and three stamens with filaments 
connate but anthers free; pistillate flowers have six 
sepals, a variable disk, and smooth ovary; seeds 
are dorsally ornamented with longitudinal ribs. 


METHODS 
Crossing and fertility testing of hybrids 


The crossing and fertility testing of hybrids could 
be made in our greenhouses only during the warm 
season, from late spring to autumn. Plants were 
cloned using cuttings, each month-old cutting be- 
headed in order to encourage growth of orthotropic 
axes, and crossing experiments were conducted six 
weeks later. 

For each crossing program, four clonal plants 
were emasculated (by removing staminate flowers 
and buds), and axillary orthotropic buds (bos, Fig. 
1) were cut off to eliminate any possibility of sta- 
minate flower production. A week after the first 
emasculation, all pistillate flowers that appeared to 
have been fertilized were removed, and pollen grains 
from the appropriate staminate donor were fie. 
ually deposited on the receptive stigmas. ic 
marking leaves corresponding to flowers, the n 
eration was repeated three days consecutively (0 
newly receptive pistillate flowers). " 

Using the same protocol, a single plant was 5e s 
fertilized as the control. All the plants treated Lie 
isolated with transparent paper bags in order 
avoid alien pollen. 

Seeds nier by hybrid plants were - 
transferred to soil with peat as soon às the 

reen leaves appeared. En 
= For inl as. we carried out self-fertiliza 
tions and backcrosses with parental plants. 


In vitro embryo culture 


In some crosses that produced plants pages 
dropping before complete ripeness, we " e 
the fruits 13 days after pollination and A vs 
them. The immature seeds were transfert’ ee 
dark to a medium with high osmotic eme pee 
nier salts (Monnier, 1973) + saccharose 12 os, 
+ glucose 200 g/liter + glutamine 400 8 ae 
in a sterile Petri dish. About 30 to 40 ne y to 
when the juvenile plant had grown sufficie 
burst the testa of the seed, we made a 
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The lec hniques 4 For meiotic observations, staminate floral buds 

viously dase rey T this study have been were fixed in 5% Carnoy solution, dissected to 
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Pollen grains were obtained for morphological 
observation by squashing mature anthers in 2% 
Merck aceto-carmine solution. 


CULTURE CONDITIONS 


Plant culture conditions in the tropical green- 
houses at Orsay were as follows: humidity 70— 
80%, temperature 25—40?C, daylight with com- 
plementary artificial light. Plants were vegetatively 
propagated on a stable soil compost. 


RESULTS 
CROSSINGS 
Crossings in greenhouse conditions 


Two series of experimental crossings were made. 
First, 36 crosses were made between the six taxa 
from Cote d'Ivoire: three morphs of P. braunii 
(2n = 12), and single forms of P. odontadenius 
(2n = 24), P. gagnioevae (2n = 28), and P. 
bancilhonae (2n = 56). A second series of crosses 
was made between these taxa and P. magnificens 
(2n = 40). The results were the same when using 
different plants of the same population. 

The results of the total of 49 crossings accom- 
plished are given in Table 1. The crossings included 
seven auto-fertilizations (pistillate flowers from one 
taxon pollinated with pollen from the same taxon), 
and 42 cross-pollinations. All experimental polli- 
nations resulted in seed set, the ovaries becoming 
inflated 4 or 5 days after pollination. When phys- 
ical conditions of flowers were optimal, nearly 100% 
of "nouaisons" (swelling of ovary) could be ob- 
tained from self-pollinations. 

Among the 42 cross-pollinations, the only ones 
giving almost the same result as self-pollination (I, ) 
are the crosses between the 12] and 12m forms 
of P. braunii. In all other crossings between two 
different taxa, the success rate depends on the 
genotypes concerned and the directionality of the 
cross. The success rate, in any event, is always 
smaller than self-fertilization (I,). Only 20 of the 
42 cross-pollinations yielded viable F, hybrids. 

In 22 crossings out of 42, there was no viable 
progeny. Fruits aborted, even though well devel- 
oped, 10 to 18 days after pollination (see Table 
1). Such fruits are characterized by abnormal seeds 
with either flabby teguments and rudimentary em- 
bryo, or well-developed teguments with unviable 
embryo. 

The degree of delay in fruit abortion does not 
appear well correlated with the state of develop- 
ment of the seeds. On the other hand, there appears 


to be a relation between the seed condition and 
directionality of the cross. For example, in crossing 
between P. braunii (2n = 12) and P. bancilhonae 
(2n — 56), or between P. braunii and P. odon- 
tadenius (2n = 24), we never observed the pres- 
ence of an embryo (SE) when the staminate parent 
is one of the three taxa with 2n = 12, whereas 
there is always an embryo developed when any of 
the 2n — 12 taxa are used as the pistillate parent. 
Similar results were found in the crossings of P. 
braunii (forms 121 and 12m) with P. gagnioevae, 
where the embryo is viable or not depending on 
the directionality of the cross. 

Several features of the crossing program stand 
out. First, no compatible crosses were obtained 
between taxa with the same base chromosome num- 
ber but different ploidy, e.g., between diploid and 
tetraploid (P. braunii X P. odontadenius) or be- 
tween tetraploid and octoploid (P. gagnioevae * 
P. bancilhonae). 

In contrast, a strong genetic relationship exists 
among the taxa of P. braunii, especially between 
12l and 12m; the results of a cross between those 
two forms are very similar to those of a self-fer- 
tilization. Nevertheless, a slight incompatibility bar- 
rier (“mother effect”) may be detected between 
12b in relation to 12] and 12m. 

Incompatibility barriers have also been dem- 
onstrated between P. braunii (2n = 12) and the 
taxa P. bancilhonae (2n = 56), P. gagnioevae 
(2n = 28), and P. magnificens (2n = 40); between 
P. bancilhonae (2n — 56) and P. magnificens (o 
= AO) or P. odontadenius (2n = 24); between E 
gagnioevae (2n — 28) and P. magnificens (2n 
40) or P. odontadenius (2n = 24); and between 
P. magnificens (2n — 40) and P. odontadenius 
(2n = 24) (Table 2). 


In vitro embryo culture in case of 
non-viable progeny 


In crossings yielding no viable progeny, W® ex 
observed a kind of embryo rejection prior to "d 
uration of the seed. The isolation of the ee ik 
precocious stage (about 13 days e 3 
and its culture on an appropriate medium we 
mitted seedling development. Rapid uan DP 
of the seedling into a mature hybrid p ^m 
achieved by changing the culture medium, di 
ing plantlets to vermiculite, and pe s 
ground. This technique was perfected in © ie 20 
seeds from the pistillate 2n = 56 X e 
— 28 crossing, and them repeated for a 3 
ings (Table 2). Hybrid plants were obtain 
instances. 


Taste l. Results from crossings between various genetic entities of Phyllanthus odontadenius in greenhouse conditions. First generation I, and F, descendants from auto- 
or heterocrossings. T = fruit abortion (diagonally striped boxes); SE = seed without embryo; Ep = seed with minute embryo; Ed = seed with dessicated embryo; M = meiosis 
(MN, normal meiosis; MA, aberrant meiosis; MTA, very aberrant meiosis). 
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TABLE 2. Karyotypic results from crossings; progeny present or not depending on cross. SE = seed without 
embryo; Ed — seed with desiccated embryo. 


Crossings Results in greenhouse After in vitro culture 


Fruit abortion and no progeny except after in vitro culture (22 cases) 


9 P. bancilhonae x 8 P. gagnioevae No descent (Ep) F, 42 chr. 
(56 = 8 x 7) (28 — 4 x 7) 
9 P. gagnioevae X à P. bancilhonae No descent (Ed) F, 42 chr. 
9 P. bancilhonae x å P. braunii typical (12b) No descent (SE) 
(56 — 8 x 7) (1222 x 6) 
9 P. braunii typical (12b) x 4 P. bancilhonae No descent (Ep) F, 34 chr.? 
9 P. bancilhonae x å P. long branchlets (121) No descent (SE) 
| (56 = 8 x 7) (12 = 2 x 6) 
9 P. long branchlets (121) x 6 P. bancilhonae No descent (Ep) F, 34 chr.? 
9 P. bancilhonae x â P. brown leaves (12m) No descent (SE) 
| (56 = 8 x 7) (12 = 2 x 6) 
9 P. brown leaves (12m) x â P. bancilhonae No descent (Ep) F, 34 chr? 
9 P. magnificens x 6 P. braunii typical (12b) No descent (SE) 
(40 = 4 x 10) (12 = 2 x 6) 
i P. braunii (12b) x â P. magnificens No descent (SE) 
9 P. magnificens x 6 P. long branchlets (121) No descent (SE) 
| (40 = 4 x 10) (12 = 2 x 6) 
9 P. long branchlets (121) x à P. magnificens No descent (SE) 
9 P. magnificens x à P. brown leaves (12m) No descent (SE) 
| (40 — 4 x 10) (1222 x 6) 
9 P. brown leaves (12m) x à P. magnificens No descent (SE) 
9 P. odontadenius x à P. braunii typical (12b) No descent (SE) 
(24 — 4 x 6) (12 = 2 x 6) 
i P. braunii typical (12b) x à P. odontadenius No descent (Ed) F, 18 chr.? 
9 P. odontadenius x à P. long branchlets (12b) No descent (SE) 
| (24 — 4 x 6) (12 = 2 x 6) 
9 P. long branchlets (121) x à P. odontadenius No descent (Ed) 
9 P. odontadenius x à P. brown leaves (12m) No descent (SE) F, 18 chr.? 
| (24 = 4 x 6) (12 2 2 x 6) 
9 P. brown leaves (12m) x 6 P. odontadenius No descent (Ed) F, 18 chr.? 


9 P. long branchlets (121) x à P. gagnioevae 
9 P. brown leaves (12m) x à P. gagnioevae 


No descent (Ed) 
No descent (Ed) 


Sterile hybrid F, (14 cases) 


9 P. bancilhonae x à P. magnificens F, 48 chr. 
(56 = 8 x 7) (40 = 4 x 10) 

9 P. magnificens X â P. bancilhonae F, 48 chr. 

9 P. bancilhonae x & P. odontadenius F, 40 chr. 
(56 = 8 x 7) (24 — 4 x 6) 

9 P. odontadenius x à P. bancilhonae F, 40 chr. 

9 P. magnificens x & P. gagnioevae F, 34-32 chr. 
(40 — 4 x 10) (28 = 4 x 7) 

9 P. gagnioevae x à P. magnificens F, 34-32 chr. 

9 P. magnificens X à P. odontadenius F, 32 chr. 
(40 — 4 x 10) (24 = 4 x 6) 

$ P. odontadenius x & P. magnificens F, 32 chr. 

9 P. gagnioevae x & P. odontadenius F, 26 chr. 
(28 = 4 x 7) (24 — 4 x 6) 

9 P. odontadenius x & P. gagnioevae F, 26 chr. 

9 P. gagnioevae x å P. braunii typical (12b) F, 20-24-26 chr. 
(28 2 4 x 7) (12 — 2 x 6) 

9 P. braunii typical (12b) x & P. gagnioevae F, 20-24-26 chr. 


unknown result 
unknown result 
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8 P. gagnioevae X à P. long branchlets (121) 
? P. gagnioevae x à P. brown leaves (12m) 
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Results in greenhouse After in vitro culture 


F, 20-24-26 chr. 
F, 20 chr. 


Partially fertile hybrid F, (4 cases) 


f P. braunii typical (12b) x à P. brown leaves (12m) 
|? P. brown leaves (12m) x 6 P. braunii typical (12b) 
|? P. braunii typical (12b) x & P. long branchlets (121) 
|? P. long branchlets (121) x & P. braunii typical (12b) 


F, 12 chr. 
F, 12 chr. 
F, 12 chr. 
F, 12 chr. 


Totally fertile hybrid F, (2 cases) 


I P. long branchlets (121) x à P. brown leaves (12m) 
3 P. brown leaves (12m) x à P. long branchlets (121) 


CYTOLOGICAL ANALYSIS OF PROGENY 
Chromosome counts 


It was first necessary to confirm the chromosome 
"E in P. magnificens, which was reported by 
M & Roux (1981) as a hexaploid with x — 6. 
: is eee number appeared probable to 
: so and Roux. because of the morphological 
s nities and similar geographic distributions 
x own by the related species P. odontadenius (2n 
= 24) and P. braunii (2n ^ 12). 

M eda in examining P. magnificens, we al- 
Niels und the chromosome number to be 2n — 
(each pm this, we sent samples to P. Kupfer 
QUA ), who also found a count of 40 chro- 
E. rs also noticed the presence in P. mag- 
vias so two satellite-bearing chromosomes in 

"s the satellites are not identical (Fig. 2A, A’). 
F hy vede obtained for chromosome counts from 
are dd are recorded in Tables 1 and 2. Numbers 
B^) 26 es 2C, C"), 42, 40, 34, 32 (Fig. 2B, 
eli > and 12 represent exactly half of the 
by to eg of the respective parents, and 
s dad rm the hybrid nature of the plants 


Studies of meiosis 


Th : 
ae Categories of F, hybrids may be recog- 


in Sea always extremely abnormal (MTA 

ees : ittle pairing, with numerous univalents 

NOUS ces I and bridges in anaphase I. This 
in 14 cases from the following crosses: 


? 28 x à 121 928 x 8 12b 
228 x812m |912b x à 28 


Hea 240 x 6 24 
924x856 |924x 840 


F, 12 chr. 
F, 12 chr. 


928x824 ]9e56x 640 
924x828 ]|940x 656 


940 x à 28 
928 x à 40 


(2) Meiosis with some anomalies (MA in Table 
1), especially an abnormal number of bivalents in 
metaphase I (i.e., 4 or 5 bivalents instead of 6). 


912bx 4121 j? 12b x à 12m 
9121 x2à12b |? 12m x à 12b 


(3) Meiosis perfectly normal, with all chromo- 
somes paired (MN in Table 1). 


2121 x à 12m 
9 12m x ő 121 


PRELIMINARY MORPHOLOGICAL ANALYSIS OF 
HYBRIDS AND PARENTAL POPULATIONS 


We found a striking homogeneity of F, hybrids 
from the same crossing. It is very difficult (without 
precise biometrical measurement) to distinguish be- 
tween reciprocal hybrids of a given species cross, 
whereas these hybrids are very easily distinguished 
from any hybrids obtained from crossing between 
other species. 

Hybrid nature can be visually determined (Table 
3; Figs. 3, 4 for crossings 24 x 40 and 56 x 40) 
by intermediate morphology between the two par- 
ents; predominant characters from one parent 
(where chromosome number is different, e.g. in 
56 x 40 hybrids are closer to 56 parent); or 
heterosis effect. 

A biometric study on the six taxa from Cote 
d'lvoire gave similar characters between plants 
with 2n = 12 (121 and 12m) and 2n = 24 on the 
one hand, and between Zn = 28 and 56 on the 
other (Tran Ha & Bancilhon-Rossignol, 1976). On 
the basis of this, we concluded that P. odontadeni- 
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FIGURE 2. 


us represents the tetraploid form related to the 
diploid P. braunii, and P. bancilhonae the octo- 
ploid form related to P. gagnioevae. 


EXAMINATION OF POLLEN FROM F, HYBRIDS— 
FERTILITY 


The classification of F, hybrids from pollen grain 
examination agrees with the preceding one estab- 





ificens, 
Photographs and line drawings of chromosome complements.—A, A’. P. hyllanthus eae ) 
— 40. A', line drawing showing 2 chromosomes with satellites (indicated by markers). —B, B'. y magnificens 
hybrid (? P. odontadenius (24) x & P. magnificens (40)).—C, C'. Chromosomes of F, hybrid (? P. 
(40) x 8 P. bancilhonae (56)). 


Annals of the 
Missouri Botanical Garden 


2n 


lished from studies of meiosis. Thus ve ba 
in hybrids with very abnormal meiosis ( pu 
the pollen is very heterogeneous, with B herrsil 
fering in shape and length, and sometimes 
(heteropolar) or deformed. ate A), there 5 

In plants with abnormal meiosis (M bri s from 
less heterogeneity in the pollen, and in pec t 
crossing 121 with 12m, the pollen gra s 
quite normal. That is not surprising, S 
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Taste 3. Morphological comparison between characters from parents i i 
bh and hybrids. De, f 
indicated by symbols +, ++, +++, ++++. L/l = length/ idi S52 de eie na E 














Genotype 
P. odontadenius P. magnificens Hybrids 
Parameters 2n = 24 2n = 5s 24 x 40 
Deciduous branchlet 
duet of green leaves 38 (16-50) 14 (6-20) 22 (15-21) 
eaf blade form subquadrangular ovoid with acute red apic- — ovoid lightly acute 
, ulum 
umber of secondary veins 5 pairs 5-6 pairs 6 pairs 
LA 1.4-1.6 1.7-2 1.7-2 
? flower 
Flower and pedicel length + EHE ++ 
Calyx-lobe characteristics acute and thin with broad, rounded at the tip acute and thin with rosy- 
white-edged vein with red-edged vein edged vein 


Style characteristics bifid style with green 
branches close 
together 


Dis isti i 
k characteristics continuous, crenulate 


P. bancilhonae 


Parameters 2n = 56 
Deciduous branchlet 
Number of green leaves 36 (20-49) 


Leaf blade form 


broadly ovate 


oe of secondary veins 4 pairs 
1.8-2 
Terminal 9 flower present 
? flower 


Flower and pedicel length despite 


Calyx-lobe Characteristics 


Style characteristics 


broad and sharp, with 
green-edged vein 
sloping style with green 


bifid style with red 
branches apart 


dissected into 6 segments 


Genotype 
P. magnificens 
2n — 40 

16 (6-20) 
ovoid with acute red 

apiculum 
5-6 pairs 
1.6-1.8 
missing 
++ 


broad, rounded at the tip 
with red-edged vein 
more raised style with 


bifid style with rosy 
branches apart 


dissected into 6 segments 


Hybrids 
56 x 40 


28 (18-30) 
broadly ovate 


7 pairs 
1.8-2 
present 


++++ 

intermediate color and 
form 

style with intermediate 


branches 


Disk characteristics 


continuous, crenulated, 


slope and rosy branch- 
es 
dissected into 6 segments dissected into 6 segments 


red branches 


alies i iE 
ae EA would be expected to induce ab- 
tree and aberrant pollen grains. 
Mii»: idu from taxa with different chromo- 
self-pollinat; rs (T able 2) are sterile. After manual 
illy ahon ion, fruits are formed but they invari- 
ida within about 10 days. The seeds have 
embryo mt containing a liquid without an 
eiua an abnormally pale embryo. 
negative oe of F, hybrids with parents give a 
rocal hybrid n did crossing between two recip- 
Pletely Mars. € F, generation is therefore com- 
“ais hybrids obtained by crossing taxa 
led mme (P. braunii), the four hy- 
m 12b x 12] and 12b x 12m are weakly 


fertile, while the hybrids from 121 x 12m are 
totally fertile (Table 3). 


DISCUSSION AND CONCLUSIONS 


The results of our studies appear to be of some 


interest, especially when they are compared with 


comparable studies of the Phyllanthus urinaria 
complex of eastern Asia (Haicour, 1983). 

In the Phyllanthus odontadenius complex (sub- 
sect. Odontadenii) we identified five taxa with a 
different karyotype, with diploid complements of 
12, 24, 28, 40, and 56 chromosomes. One taxon, 
identified as P. braunii, includes three subgroups: 


12b, 121, and 12m (Fig. 5A). 
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FIGURE 3. 


(2n = 40), and the two hybrids. — A, A’. Deciduous branchlet and 9 flower of parent 56,— B, B’. Deciduous 


; em nagnificens 
Deciduous branchlets and pistillate flowers of Phyllanthus bancilhonae (2n = 56), P. mag 


branchlet 


E Even y, Deciduous 
and 9 flower of hybrid 56 x 40.— C, C'. Deciduous branchlet and 9 flower of hybrid 40 x 56.—D, D 


branchlet and 9 flower of parent 40. 


In our earlier studies of the Phyllanthus uri- 
naria complex, two ensembles based on seed or- 
namentation were distinguished: Spiraled (S) and 
Radiated (R), each of which includes cytotypes 
with 50 and 100 chromosomes. Four groups can 
therefore be recognized: 50S, 1008, SOR, 100R; 
the 50R group is polymorphic with two subgroups: 
50R1 and 50R2 (Fig. 5B). 

As a result of our crossing programs using taxa 
within the Phyllanthus odontadenius and P. uri- 
naria complexes, it appears that there are repro- 
ductive barriers between taxa not previously rec- 
ognized by earlier workers. In some instances, the 


barriers to intertaxon crossing are almost absolute. 


; dv ve has 0€ 
and indicate that considerable divergence 


curred. Inathi 
Consequently, we consider Phyllan 


itional 
. Spa ad. traditior 

tadenius and P. urinaria in the broad, ated 
id , osely relat 


possible 


us odon 


(es ck 
sense to represent complexes of 


` : - : ex it is 
species. In the P. urinaria compl ie 
t the directi 


1 g 
to make some inferences abou 


: ce to be m 
evolution if we consider the 505 iet ;n the SOP 
primitive (50S plates were found only 


* s roup ma 
posed original country). The 50R group ye novel 


vost 


y then 

; üth son 
be considered as a mutant form wt sew 
: in an &f 


Anes eh ; ars to be 
characters; this group appears led beyond 


no : : ; extent 
stage of diversification and has ext 
the original center (50R1). 
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FIGURE 4, 


Deci ~ saat ; 
(2n = 40) and t eciduous branchlet and pistillate flower of Phyllanthus odontadenius (2n — 24), P. magnificens 
he two hybrids. —E, E’. Deciduous branchlet and 9 flower of parent 24. 


F, F’. Deciduous branchlet 


and 9 flow heil € UI 
er of hybrid 24 x 40.—G, G'. Deciduous branchlet and 9 flower of hybrid 40 x 24.—H, H'. Deciduous 


branchlet - 
inchlet and € flower of parent 40. 


By ; 

analogy wi 

urinari alogy with what we observed in the P. 

M ria c 4r. 2 ^ ` 

boe x x, and by comparing the two den- 
grams (Fig. 5) it . = - 

= [5 §- 9), it appears that the taxa with 2n 


are 
of the most recent phylogenetic origin. 


This 
ass - ; 
With x BE an aneuploid reduction from taxa 
v is3 > + 
7 ) (P. magnificens) to those with x = 
l and x = 6 4 
Howe 


ver, à á 

the diversig although there are some parallels in 
sificati nih: 

are ; ication within the two complexes, there 

ire also some ç : 


plex lifferences. In the P. urinaria com- 


it seer ; 
seems T eee ; 
n s most logical to consider taxa with 


= 50 ; 25-— 5 T 

based and 2n = 100 as diploids and tetraploids 
on a comn 

number of uS 


i0n basic number (x = 25). This 


AE i 
<9 is most probably the result of 


in amphi l - we > 
JIloidizatio . ] 
ind x = ET between species with x — 12 


In 
Contras ; 
there are St, in the P. odontadenius complex 
are sever; 4 ‘ Et 
ral groups of taxa with different base 


numbers: diploid and tetraploid species with x 
6, tetraploid and octoploid with x = 7, and a 
tetraploid with x = 10 (P. magnificens), newly 
reported in this paper. This new basic number, 
reported for the first time in Phyllanthus, rein- 
forces the hypothesis suggested by Webster (1967: 
377) that the basic numbers of herbaceous Phyl- 
lanthus might form a descending series from a 

12. (...), (.«-), 9, 8, 7, 6. We can 


13. to. x = 
= 12, 


now almost complete this series, giving 4 
C2). 10; 9;/:8; 7, 6. 

Strong chromosomally based crossing barriers 
observed by us in two complexes of herbaceous 
Phyllanthus (P. odontadenius and P. urinaria) 
between morphologically similar plants were not 
unique to this genus. This pattern is common m 


Grant (1971) made the point with 


annual plants. 
for example, 


numerous examples. This is the case, 





Ficure 5. 


13412 ( hiploid 
amphiploidy ) = 


q (JevowuTion x= 13 


(decreasing aneuploidy) 


A ODONTADENIUS COMPLEX B URINARIA COMPLEX 


Dendrograms showing proposed relationships in the Phyllanthus odontadenius complex and P. urinaria complex. 
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